ABSTRACT The aim of the study was the comparison of Plymouth Rock cockerels and capons and the evaluation of the influence of their age on slaughter yield, meat quality, and bone traits. The studies were conducted on cockerels and capons from P55 strain (Plymouth Rock). At 16, 18, and 20 wk of rearing, a dissection of whole carcasses of cockerels and capons was conducted, and breast and leg muscles were evaluated in terms of the physical and chemical traits, as well as the chemical composition. Also, traits of femur and tibia bones were studied. It was indicated that capons were characterized by a higher body weight (BW) before slaughter and higher weight of the eviscerated carcass than cockerels at consecutive dates of slaughter. Based on BW, the slaughter yield and muscle content of carcasses, it was found that the most optimal slaughter time in Plymouth Rock cockerels is at 18 wk and capons at 20 wk. It was observed that caponization had a significant effect on the chemical composition of breast muscles with respect to water and protein content. Along with bird age, collagen content in muscles decreased; however, significant differences were observed only in capons. At consecutive dates of evaluating cockerels, resistance and toughness of their femur and tibia bones increased significantly. Significant changes in the physical characteristics of bones were also found.
INTRODUCTION
Change in the rearing conditions in a battery cage system, which breeders in the European Union were obliged to make according to the EU Council's Directive 99/74/EC (European Commission, 2008) , caused reorganization of the battery cage system into a barn system, mainly for economic reasons. An increased demand for hens intended for the barn system, both intensive and semi-intensive, caused an increase in parental background of general utility hens, i.e., medium-heavy hens intended for semi-intensive egg production. Hence, managing day-old parental and breeding cockerels became a huge problem, as their proportion in broods may constitute as much as 50%. Most frequently, dayold cockerels are used for feed for carnivorous animals, or they must be raised for utilization as meat birds, which causes huge problems for hatcheries (Klein et al., 2003; Nandi et al., 2003) . In the light of national research (Murawska et al., 2005; Bochno, 2006, 2007) , managing laying type of cockerels for meat turned out to be not very justifiable or profitable compared with broiler chickens, mainly because of the high C 2017 Poultry Science Association Inc. Received June 6, 2016. Accepted May 16, 2017. 1 Correspondence author: adamski@utp.edu.pl costs of rearing, and especially high feed intake per 1 kg of body weight (BW) gain.
In 2015 in Poland, about 2.2 million tons of poultry meat were produced, of which over 72% constituted broiler chickens. At the same time, with such a high scale of production and unlimited access to fresh poultry meat, the consumer market seeks raw materials of a niche character, which are considered exclusive and are distinguished by a very good quality. Taking into consideration consumer tastes as well as trends in poultry rearing, it seems justifiable to research the possibility of managing medium-heavy cockerels in the production of capons, especially as culinary tradition concerning the consumption of capon meat in Poland dates back to the 16th century. Under Polish conditions, the research on utilization of cockerels and capons of medium-heavy type has been conducted on the native breed of Greenlegged Partridge (Zielononóżka kuropatwiana), 2 Rhode Island Red strains (Calik, 2014; Kasperek et al., 2014; Zawadzka et al., 2014) and one Sussex strain (Adamski et al., 2016) . It concerned the effect of caponization on the selected meat traits and quality parameters of meat, and comparison of these traits in cockerels and capons. Foreign studies dealt, among other things, with an assessment of the effect of the age at which cockerels were caponized on the effectiveness of rearing and production results (Shao et al., 2009) . Also, attempts were undertaken to determine the age of terminating capon rearing depending on their origin (Durán, 2004; Chen 3169 et al., 2006a Chen 3169 et al., , 2007a Miguel et al., 2008; Diaz et al., 2010; Symeon et al., 2012) . Also, meat traits of cockerels and capons were compared, depending on their origin, age, and rearing system (Tor et al., 2002 (Tor et al., , 2005 Carcione et al., 2009; Sirri et al., 2009; Rikimaru et al., 2011; Sinanoglou et al., 2011; Mašek et al., 2013) . The subject of research on capons was also evaluation of the correlations between meat traits (Tor et al., 2002; Tougan et al., 2013b) , number and structure of muscle fibers (Lin and Hsu, 2002; Chen et al., 2006b Chen et al., , 2007a , and blood indices in capons (Rahman et al., 2004; Duan et al., 2013; Symeon et al., 2013; Chen et al., 2014) .
Taking into consideration a wide range of research conducted abroad on slow-growing cockerels and capons of various origin, and changing trends and consumer tastes, as well as large production of difficult-to-manage chicks of medium-heavy cockerels, it seems to be fully justifiable to undertake research in the area of possibilities of running capon-rearing under Polish conditions. The aim of the study undertaken in this paper was evaluation of meat traits of cockerels and capons from the P55 strain(Plymouth Rock), including utility traits, slaughter yield, tissue composition of carcasses, and meat quality at different dates of slaughter.
MATERIAL AND METHODS
The research was carried out on 250 cockerels and capons in total, from P55 strain originating from Plymouth Rock. This strain is reared and selected in Poland on the State Pedigree Breeding Farm in Rszew, Poland. Birds were reared under regulated environmental conditions, in deep litter, without access to yard. The birds were kept in pens with straw bedding. At the beginning of rearing, the temperature in the rearing house was 32
• C, and then it was gradually decreased to 20
• C. At the beginning the birds were reared at 24 h light, which was gradually shortened from d 2 of life on average by 20 to 30 min every 2 to 3 d. In wk 12 of rearing, there were 8 h of light. In consecutive weeks, light hours were in accordance with natural day length. At the beginning, stocking density was 15 birds per m 2 , and then it was gradually decreased to 8 birds at the end of rearing. Up to wk 7 of rearing inclusive, the birds were fed with a multicomponent mash containing 19.0% total protein and 11.9 MJ EM (metabolic energy) (2,850 kcal) per 1 kg of feed. From wk 9 to wk 16 they were fed with a mash containing 15.0% total protein and 11.5 MJ EM (2,750 kcal) per 1 kg of feed, while from wk 16 of rearing, with a mash containing 15.5% of total protein and 11.3 MJ EM (2,700 kcal) per 1 kg of feed (Nutrient Requirements of Poultry, 2005) . Throughout the rearing period, birds were fed ad libitum and had an unlimited access to water. At 12 wk of rearing, an authorized veterinarian caponized half of the total number of cockerels. In total, 125 cockerels were subjected to this treatment. Before caponization, the birds were starved for 8 h. The treatment was carried out with a surgical method with the use of a local anesthetic. After the treatment, the birds stayed in straw-lined pens disinfected on a daily basis. Caponization and method of its performance was in accordance with the Commission Regulation (EC) 543/2008 (2008) . Each group of birds (cockerels and capons) were divided into 5 experimental units of 25 birds each.
At 16, 18, and 20 wk of rearing, dissection of whole carcasses was conducted in cockerels and capons with a method described by Zio lecki and Doruchowski (1989) . In total, 30 birds were chosen for dissection (15 cockerels and 15 capons). Bird selection was carried out based on the average BW calculated separately for cockerels and capons within 5 replications in total. Five cockerels and 5 capons were slaughtered at each time point. Directly after slaughter, from each bird's superficial left breast muscle a sample was taken along the fiber line to determine intramuscular fat. Each sample was frozen separately in liquid nitrogen at a temperature of -195.8
• C. Next, the carcasses were plucked and within 15 min after slaughter, pH 15 value of breast muscles was measured with the Elmetron pH-meter CO 401 (Poland, 2013), which was calibrated each time with SIGMA standards of values of 4, 5, 6, and 7. Before dissection, after about 18 h of cooling of the carcasses at a temperature of +4
• C, pH 24 reaction of breast muscles was measured again. The carcasses were cooled in a Hendi refrigerator (Hendi BV, Gadki, Poland). Next, the carcasses were eviscerated, separating: giblets (heart, stomach, and liver) as well as inedible parts, and next neck without skin, skin with subcutaneous fat from the whole carcass (except wings), abdominal fat, wings (with skin), breast and leg muscles as well as the remains of the carcass (trunk + sternum bones + leg bones). Particular carcass elements were weighed, and their percentage proportion was calculated in the weight of carcass with neck.
After the dissection, color of breast and leg muscles was determined. Measurement of the color of both types of muscles was conducted in reflected light with the use of CR 400 Minolta chroma meter (Konica Mi-
* -color red variable, b * -color yellow variable). Also, water-holding capacity was assessed in breast and leg muscles with a modified Grau and Hamm method (1952) . Additionally, but only at 2 dates of evaluation (wk 18 and 20), chemical composition was determined as well as collagen content in breast and leg muscles with a near-infrared transmission spectroscopy with the use of FoodScan TM analyzer (FOSS, Hillerød, Denmark).
Resistance properties of femur and tibia bones (thighs and shin): maximum load and force at fracture (N) as well as deformation when pressed and displacement (mm) were determined with the use of INSTRON 3345 machine (Instron, Buckinghamshire, UK). For this purpose, Bluehill software was used, which simulated bone load with an adapter BEND FIXTURE 10 mm ANVIL. Each time the defrosted sample was placed between grips, and next it was loaded as programmed.
Data were analyzed by ANOVA using STATISTICA PL 10.0 software (2011). The mean values (x) and standard deviations (SD) of measured traits were calculated, while the significance of differences was evaluated using the Scheffe test.
RESULTS
From Table 1 it follows that Plymouth Rock cockerels weighed from 1,400 g at wk 16 to 1,720 g at wk 20 of age, while capons were heavier and weighed from 1,780 to 2,000 g, respectively. It was similar in case of the weight of eviscerated carcass with neck. Significantly, the highest BW before slaughter and carcass weight in both groups of birds was observed at 20 wk of rearing, which could indicate possibility of terminating their rearing at this time of assessment. However, lack of significant differences in the slaughter yield between consecutive dates of slaughter may suggest possibility to terminate rearing cockerels and capons before 20 wk of rearing. This is confirmed by the results concerning muscle content in carcasses (Table 1) , based on which it may be assumed that P55 capons after cockerels, may be slaughtered after 18 wk of rearing. Weight of breast muscles in cockerels ranged from 117.9 g in wk 16 to 168.2 g in wk 20 of age, while in capons it ranged from 171.1 to 213.4 g, respectively. However, only in the capons group was it significantly highest at 20 wk of rearing. In capons, also significantly, the highest weight of leg muscles and muscles in total occurred at 20 wk of assessment. Thus, taking into consideration these traits, the most optimal time of slaughter in capons seems to be wk 20. Percentage proportion of breast muscles and muscles in total in carcasses of P55 cockerels and capons at 16, 18, and 20 wk of rearing were similar. Also, no differences were observed in the percentage proportion of leg muscles in capons. Likewise, weight and proportion of abdominal fat were similar at the consecutive dates of slaughter, which confirms comparable fatness of these birds at 16, 18, and 20 wk of rearing. Taking into consideration weight and proportion of subcutaneous fat (Table 1 ) it may be assumed that cockerels were characterized by the highest fatness at 16 wk of rearing, while in capons there were no significant differences in these traits between the evaluated dates of slaughter.
Analysis of physical and chemical traits of breast and leg muscles (Table 2) indicated that both cockerels and capons were characterized by a similar acidification of breast muscles after slaughter and cooling. pH 15 values were higher compared with pH 24. In cockerels, significant differences were observed in the saturation of breast and leg muscles with yellow color (b * ) at 18 and 20 wk compared with 16 wk of evaluation, which may indicate a higher content of intramuscular fat in leg muscles at the last two dates of assessment. In the group of capons, the highest value of lightness variable ( * L) in breast muscles was observed at 16 wk of evaluation. On the other hand, leg muscles in capons were significantly less saturated with yellow color ( * b) at 16 wk of rearing than at 18 and 20. Along with the age of cockerels, water-holding capacity in breast muscles increased (Table 2) , which was statistically confirmed. In the capon group, values of water-holding capacity in breast muscles did not differ significantly between 20 and 18 as well as 18 and 16 wk of evaluation. Water-holding capacity in leg muscles of cockerels was similar at 16, 18, and 20 wk, while in capons at 16 and 20 wk of rearing.
Data concerning chemical composition of breast muscles (Table 3) show that caponization may have significantly influenced the content of water and protein in breast muscles of birds. Capons from P55 strain had a significantly lower water content at 18 wk of evaluation and a significantly higher (by 1.3%) protein content in Table 4 . Mean values and standard deviation in physical traits of leg bones in Plymouth Rock (P55) cockerels and capons at different age (mean ±SD). For explanation, see Table 1 . a,b Mean values denoted with different letters in columns differ significantly (P ≤ 0.05).
breast muscles than at 20 wk of evaluation. Water content in breast and leg muscles of cockerels decreased with age, while the protein content increased (differences confirmed statistically). On the other hand, in the group of capons, water content in breast muscles increased, while in leg muscles it decreased with birds' age. However, protein content decreased along with age in both muscle types in capons. In the fat content, the only significant differences were indicated in breast muscles of cockerels, in which fat content increased with age as well as in leg muscles of capons (higher fatness at 20 wk of evaluation). Collagen content in breast and leg muscles in 20-wk-old P55 capons was significantly lower than in 18-wk-old birds. No statistically significant differences were observed in collagen content in breast and leg muscles in cockerels. An average maximum load and force at fracture of femur and tibia bones in cockerels increased with age, which indicated an increase in resistance and toughness of their bones (Table 4 ). These tendencies have been statistically confirmed. Maximum load of femur bones of capons also had an increasing tendency, while there were no significant differences between 20 and 18 wk as well as 18 and 16 wk of age. It was found that caponization probably had no effect on the force at fracture of femur and tibia bones. However, the effect of caponization was indicated on the displacement of femur and tibia bones when pressing them. The highest values of this trait were observed in 18-wk-old capons: 93.6 mm (femur) and 93.3 mm (tibia), respectively, compared with 16 and 20 wk of evaluation.
DISCUSSION
From the results of our studies, it follows that the most optimal time for terminating rearing of Plymouth Rock cockerels and capons is period between 18 and 20 wk of age. Similar conclusions were formulated by Adamski et al. (2016) in the research on cockerels and capons from S11 strain, Sussex. While comparing BW before slaughter, weight of eviscerated carcass with neck as well as slaughter yield in cockerels and capons from S11 strain, it was found that rearing of cockerels of this strain should be terminated in wk 20 of age, whereas for capons rearing should terminate in wk 18. The cited authors also observed a higher average BW before slaughter (from 1550.0 to 1900.0 g) and eviscerated carcass weight (997.6 to 1249.9 g) in Sussex cockerels, and lower values of these traits in capons (1550 to 1810 g -BW and 951 to 1150 g carcass weight, respectively) compared with the results of our studies. The higher BW before slaughter in capons than in cockerels, which was observed in our study, was also confirmed in the studies of Adamski et al. (2016) in Sussex chickens and in the studies of Rahman et al. (2004) in local meat chickens from Bangladesh (caponized both with a chemical and surgical method).
On the other hand, Durán (2004) while evaluating growth of cockerels and capons between 8 and 30 wk of rearing, found that because of significant differences in BW, the most optimal time for slaughter is wk 25 of rearing. Longer period of rearing may result from a different origin of cockerels and capons than in our experiment. Other authors (Chen et al., 2007a; Shao et al., 2009; Rikimaru et al., 2011) suggest terminating rearing between 22 and 26 wk of age depending on capons' origin.
In our studies, it was indicated that slaughter yield and percentage proportion of muscles in total (breast and leg muscles) in Plymouth Rock cockerels and capons did not differ significantly between the evaluated dates of slaughter. Similar conclusions regarding slaughter yield were formulated by Adamski et al. (2016) in Sussex cockerels and capons, in which slaughter yield was similar at 16, 18, and 20 wk of rearing. The authors also found that the proportion of muscles in total (breast and leg muscles) in capon carcass was similar at particular evaluation dates. It was slightly different with the proportion of muscles in total in carcasses of Sussex cockerels, which was the highest at 18 and 20 wk of rearing (differences confirmed statistically). Chen et al. (2007a) while evaluating carcass composition in cockerels and capons at 16 and 26 wk of rearing, indicated that proportion of breast muscles in bird carcasses decreased significantly with age, while the proportion of leg muscles increased. This was also confirmed in the studies of Shao et al. (2009) on cockerels and capons of different origin. Similar results were obtained by Po ltowicz and Doktor (2012) in slowgrowing hybrids. The authors also found that fatness of chickens reflected in the proportion of abdominal fat in carcass weight does not change significantly (1.53 to 1.73%) with age. However, Khantaprab et al. (1997) indicated that with age, proportion of abdominal fat in chickens in the last 4 wk of rearing increased four times. Contrary to our research results, in which generally fatness of birds slaughtered at different ages was similar, Symeon et al. (2010) indicated that cockerels and capons (of different origin) at the age of 24 wk were characterized by a significantly (P ≤ 0.05) higher fatness compared with 18 wk of age.
As it follows from Table 2 , both cockerels and capons were characterized by a similar acidification of breast muscles after slaughter and cooling. Meat color: its lightness, saturation with yellow and red color, as well as water holding capacity, also did not differentiate evaluated birds within the groups of cockerels and capons. However, a visible effect of age was indicated on the lightness of meat color. Plymouth Rock cockerels and capons were characterized by a darker color of breast muscles (P ≤ 0.05) at wk 20 compared with wk 16 of evaluation, however in capons these differences were significant, and in cockerels insignificant. These results were in accordance with the ones obtained by Diaz et al. (2010) . Similarly as in our research, increased saturation with yellow color (b * ) of breast and leg muscles, as well as similar lightness of breast muscles' color (L * ) with birds' age was also found by Diaz et al., 2010; Po ltowicz and Doktor, 2012; Symeon et al., 2012 . In our studies, pH 15 values in the group of Plymouth Rock cockerels and capons were higher compared with pH 24 (Table 2) , which indicated proper glycolytic changes in muscles after slaughter and optimal "maturation" of muscle tissue. This had been confirmed in the studies carried out earlier (Jaturasitha et al., 2008a,b; Diaz et al., 2013) . Breast muscles in Plymouth Rock cockerels and capons (Table 2) were characterized by the highest, statistically significant drip loss at 16 wk of rearing. With age, both in cockerels and capons, water holding capacity increased, similarly as in the studies of other authors (Diaz et al., 2010; Po ltowicz and Doktor, 2012; Symeon et al., 2012) .
Contrary to our studies, Chen et al. (2007a) indicated that caponization did not significantly affect the content of water and protein in bird muscles. According to various authors (Jaturasitha et al., 2008b; Sinanoglou et al., 2011; Tougan et al., 2013a; Adamski et al., 2016) , however, origin may have a major influence on the protein content in bird muscles. Protein content in breast muscles of Plymouth Rock cockerels, as well as in leg muscles analyzed in our studies (Table 3) , was higher than in Plymouth Rock cockerels of different origin, as well as in Rhode Island Red cockerels evaluated by Jaturasitha et al. (2008b) and Tougan et al. (2013a) . On the other hand, a higher water content in breast muscles in Sussex cockerels and capons was found by Adamski et al. (2016) . At the same time, the cited authors indicated less protein in breast muscles in 18-and 20-wk-old cockerels and 18-wk-old Sussex capons than in Plymouth Rock in our studies. A significantly higher fat content was also found in leg muscles of Sussex cockerels (4.9 to 5.2%) than in Plymouth Rock in our studies, but a similar collagen content, both in breast and leg muscles. Contrary to our research, Sinanoglou et al. (2011) found an effect of caponization on the total fat content in breast muscles of broiler chickens of an average growth rate.
More and more frequently the studies on poultry, especially those concerning origin, nutrition and rearing conditions, beside meat or fat quality, pay more attention to physical parameters of bone structure (Lin and Hsu, 2003; Chen et al., 2006b Chen et al., , 2007b . Similarly as in our studies, Kuźniacka et al. (2015) , who compared physical properties of bones of capons and cockerels of various origin, found that caponization may have had an effect on the displacement of femur and tibia bones at their fracture. Cited authors indicated higher value of this trait, which confirmed bone toughness in capons from strain N88 after New Hampshire than in Plymouth Rock in our research, but similar values of maximum force at fracture as well as deformation when pressing femur and tibia bones.
